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It has long been known that in the course of an

epidemic cerebrospinal meningitis an obstructive
hydrocephalus may develop, either acutely at the
height of the disease, or as a sequel after the subsi-
dence of the acute symptoms. This was observed
clinically and verified by necropsy as far back as

1865, when Ziemssen and Hess1 published the first
reports. These observations were confirmed by Hart2
and Heubner.3 The cases were all fatal, and the main
interest in the subject was from the pathologic stand-
point.

Not until 1907, when Koplik4 revived the discus-
sion of the question, was there any suggestion that
direct therapy might be efficacious. He made the
symptoms pointing to internal hydrocephalus, namely,
headache, vomiting, unconsciousness and convulsions,
and Macewen's sign, the indications for the treatment
of the meningitis by repeated lumbar puncture to
drain the ventricles. His cases were all in children,
and he laid stress on the remitting type of the symp-
toms when this complication developed.

The following year, Cushing and Sladen5 reported
a successful case of intraventricular injection of anti-
meningitis serum in a child of 6 months in which
Diplococcus intracellularis was found in the ventricu¬
lar fluid, but not by lumbar puncture. They also
refer to a case of puncture of the lateral ventricles by
Sowers in an adult with great improvement for eight
days. The choked disks and headaches subsided,
consciousness was regained, and the temperature
returned to normal ; but the patient died suddenly and
unexpectedly, and postmortem examination revealed
a thick membrane closing the outlets of the ventricu¬
lar fluid in the neighborhood of the fourth ventricle.
The lateral ventricles were distended and contained a

purulent fluid, while the ependyma showed a granular
inflammation. They suggest that in certain other
instances of ventricular obstruction in the acute stages
of the disease, even in adults, ventricular puncture
might be advisable, and if organisms are present in
the ventricular fluid, serum might be administered
directly into the ventricles. Fischer,6 in 1910, reported
a similar case with recovery, and likewise emphasized
the intraventricular injection of the antimeningitis
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serum. The lumbar tap in this case was dry ; the
ventricular tap showed clear fluid and no diplococci.

About this time a considerable interest in the sub¬
ject developed among the French under the leadership
of Netter7 and Chiray.8 Intraventricular puncture
was advocated and repeatedly attempted, especially
in infants, and intraventricular serotherapy tried.
With only an occasional exception, the results were
not very encouraging. Again less emphasis was laid
on the relief of intraventricular pressure than on the
administration of serum directly into the ventricles.
A successful case in an infant is credited to Triboulet,
Rolland and Fenestre,9 another to Bouché,10 and one
in an adult to de Verbizier and Chauvel.11 In Ger¬
many, Levy12 reported a cure in an infant aged Zy<¿
months. So-called superior vertebral puncture with
intraspinal injection of antimeningitis serum in the
cervical region was also discussed by the French
school (Cantas,13, Ravaut and Kronulitzky"), but.
apparently did not arouse much enthusiasm.

The next attempt in the operative treatment of
meningitis was made by Haynes,15 who suggested the
drainage of the cisterna magna, but apparently with
no practical success. Within the last few years
Westenhöfer and Mühsam1" again attempted lateral
ventricle puncture and reported one case of improve¬
ment after withdrawing 15 c.c. from the ventricle in
a case of acute encephalomyelitis in a girl, aged 17
years. She eventually recovered completely, except
for weakness in the right arm. Two other cases are
also mentioned in which puncture for meningococcic
hydrocephalus was performed. These patients were
relieved, but eventually died. In one of the cases, a
cerebral hemorrhage, possibly due to the puncture
needle, was found at necropsy and is offered as an

explanation of the fatal outcome.
Last year Korteweg17 evacuated and washed out

the ventricles with Ringer's solution in a case of
pyocephalus in an 8-months-old child with relief, but
eventful death. In another case ventriculolumbar
rinsing was tried, and when the communication was
found to be interrupted, repeated ventricular punc¬
ture apparently brought about a cure.
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In 1917, Flexner18 presented a summary of the
entire meningitis problem, prepared especially for the
medical officers in the service. In it he referred to
the possibility of an internal hydrocephalus develop¬
ing in the course of the disease from obstruction of
the ventricular outlet. He considers it a not infre¬
quent complication and its recognition of great impor¬
tance, particularly from the standpoint of serum

therapy. He advocates intraventricular injection of
antimeningitis serum in these cases, since the serum
will not reach the ventricles, which are usually
infected under such conditions, by means of lumbar
puncture.

In the early part of 1918, Hoch19 reported a case of
cerebrospinal meningitis successfully treated hy intra-
spinal and intraventricular administration of anti-
meningitis serum, but again the most stress is laid
on the efficacy of the serum.

Herrick,20 in a recent contribution on the subject
of meningitis, recognizes the possibility of the block¬
ing of the ventricles. He questions, however, the
utility of ventricular puncture, and considers its effect
brief and the operation serious. He advocates, in its
stead, a method, suggested by one of his assistants,
Cobb. This is merely an attempt to break up the
adhesions around the foramen magnum and fourth
ventricle by manipulations of the head under chloro¬
form.

In the majority of the foregoing observations the
dominating note is the extension of the infection by
Diplococcus intracclliilaris into the ventricles. This
is followed by the formation of a pyocephalus, or at
least a distention of the ventricles by a turbid, if not
a purulent fluid. The blocking of the ventricles does
not seem a vital feature of the pathology, and the
treatment advocated is less the drainage of the over¬
filled ventricle than the intraventricular administra¬
tion of the specific serum. We believe that, while
this type of case is a not infrequent complication of
epidemic cerebrospinal meningitis, there is a second,
closely allied form, in which the question of actual
infection of the ventricles plays a minor, unimportant
rôle. In fact, the primary infective process may have
largely ceased and the ventricles may be absolutely
free from infection while the essential picture is one
of acute internal hydrocephalus due to ventricular
obstruction and secretion of fluid from the ependyma.If such a condition develops, intraventricular sero¬
therapy is less important than definite, and to a cer¬
tain extent, permanent ventricular drainage.

Clinically, these cases of ventricular blocking are
more or less characteristic. At about the end of the
first week of the disease, the spinal symptoms, which
had been marked, become less striking, or may even
almost entirely disappear. The patient seems to be
improving, when suddenly the cerebral symptoms
surge into the foreground. The temperature may be
irregular, but is not infrequently normal. The pulse
becomes relatively slower. The headache becomes
more intense—so unbearable that hypnotics in large
doses must be given to keep the patient quiet. Vom¬
iting is not infrequent. Convulsions, delirium, loss of
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consciousness and stupor develop. There is inconti¬
nence of urine and feces. The optic disks show defi¬
nite evidence of choking. In fact, everything points
to a rapidly increasing intracraniàl, or rather intra¬
ventricular pressure. The symptoms are character¬
istically intermittent. A very striking feature of this
stage of the disease is the absence of relief by lumbar
puncture, which up to this point may have brought
about a decided amelioration in the symptoms. The
flow on lumbar puncture shows a noticeable fall in
pressure, which may have been rather high previ¬
ously. The fluid may become clear after having been
turbid or purulent, or only a few drops of viscid fluid
may be obtained. Coughing and straining do not
increase the flow as before. In fact, it is not uncommon
for a tap to be absolutely dry after repeated positive,
high pressure tappings. The usual outcome in this
type of case is a fatal one, and death is not so much
the result of infection as of the sudden, acute increase
in intraventricular pressure. For some reason or
other this acute involvement of the ventricles is par¬
ticularly ominous. The ventricles tolerate poorly
both infection and sudden distention. It is a com¬
mon observation in brain surgery, though not one
that has been satisfactorily explained, that the rup¬
ture of a brain abscess or a hemorrhage into a
ventricle leads almost invariably to a rapidly fatal
termination. The progress of the internal hydro¬
cephalus may be arrested before a fatal point is
reached, and the brain may adapt itself to the
increased tension; but certain serious, permanent
sequelae are sure to be left. These include mental
deterioration, optic atrophy, deafness, paralysis of the
motor cranial nerves, contractures and spastic paraly¬
ses of the extremities, epilepsy, etc. The explanation
of this pathologic phenomenon is unquestionably the
distention of the lateral ventricles as a result of the
closure of the foramen of Magendie and the foramina
of Luschka by inflammatory exúdate over the roof
of the fourth ventricle and an interruption of the
communication between the ventricles and subarach-
noid space. As Dandy and Blackfan21 have so clearly
shown in their contributions on the subject of hydro¬
cephalus, and as postmortem examinations have
repeatedly demonstrated, closure of these foramina
is the frequent cause of the so-called obstructive vari¬
ety of the disease. Forster and Gaskell,22 in their
monograph on cerebrospinal fever, also recognize the
pathology of this condition and speak hopefully of
surgical therapy.

If this view is correct, it is perfectly obvious that
lumbar puncture, superior vertebral puncture or

drainage of the cisterna magna is utterly futile ther¬
apy in this type of case. Simple ventricular puncturethrough the cerebral substance is totally inadequate
except as a means of giving temporary relief. The
puncture wound closes immediately on withdrawal of
the needle. Mere subtemporal decompression would
not relieve the peculiarly dangerous, acute, increased
intraventricular tension. The one logical procedure
would be a typical puncture of the corpus callosuin.
Von Bramann, who originally suggested this opera¬
tion, seems to have overlooked its possibilities in the
class of cases we are considering. He used the cal-
losal puncture in almost every other variety of

21. Dandy, W. E., and Blackfan, K. D.: Internal Hydrocephalus,Am. J. Dis. Child. 8:406 (Dec.) 1914; 14:424 (Dec.) 1917.
22. Forster, Michael, and Gaskell, J. F.: Cerebro-Spinal Fever, Cam-

bridge, 1916.
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increased intracranial tension, but apparently never
had the opportunity of using it in the acute ven¬
tricular block of cerebrospinal meningitis.

When the operation is performed, a rather wide
opening should be made in the corpus callosum by
gently moving the cannula. This opening is said to
have the tendency to remain patent, and a new,
more or less permanent communication is established
between the ventricular cavity and the subarachnoid
space. Surely this is probable as long as the normal
outlets are clogged and as long as the intraventricular
pressure is increased. Perhaps the callosal puncture
may close after the exúdate over the fourth ventricle
has been absorbed and the foramina have reopened ;
but that is quite immaterial, as its object has been
accomplished. In fact, as Flexner has suggested, the
block in certain instances may not be due. to an actual
organic obstruction, "but merely to a functional lack
of mechanical resistance which permits distention of
the ventricles under moderate pressure, eventuating
possibly in temporary obliteration of the outlets of
the fourth ventricle by weight of the dilated lower
horns which press the cerebellum down against the
medulla." Under such conditions, a vicious circle
would be established—the more distention of the
ventricles the tighter the closure, and the tighter the
foramina are closed, the more the ventíleles will dis¬
tend. In these functional cases, puncture of the cor¬

pus callosum would deliberately break the vicious
circle.

We believe that this procedure is life saving in
certain cases that would otherwise be hopeless. We
also believe that in the nonfatal cases the distressing
sequelae of hydrocephalus might be avoided by reliev¬
ing the ventricular distention sufficiently early. Fur¬
ther, puncture of the corpus callosum is an operation
of no great difficulty or magnitude, and can be per¬
formed without damaging any really essential struc¬
tures of the brain. The contention that the injury
to the association fibers produces an apraxia is not
substantiated by practical experience.

The report of a case is submitted to illustrate our

argument :

April 1, 1918, a soldier, aged 19 years, white, admitted to
the meningitis ward of U. S. Army General Hospital No. 1,
had been sick twenty-four hours, complaining of severe

headache, stiffness and pain in the neck, nausea and vomiting.
The patient's temperature was 101 F., the pulse 60. On
admission, 30 c.c. of turbid fluid under moderately increased
tension were drawn off by lumbar puncture, and 20 c.c. of
antimeningitis serum were given intraspinally. Examination
of the cerebrospinal fluid revealed approximately 2,200 cells
per cubic millimeter, mainly polymorphonuclears, and the
smear showed a gram-negative diplococcus. The family and
the past personal history were negative. The patient appeared
moderately ill, but he was mentally clear, and able to sit
up and even walk. The pupils were equal, moderately con¬

tracted, but responded promptly to light and accommodation.
There was no nystagmus. There was slight herpes labialis.
The neck was rigid. There was a well marked bilateral
Kernig. There was a definite tache cerebrale. There was
no involvement of the cranial nerves. There was no Babinski
reflex, but the patellar reflexes were slightly exaggerated.

April 2, the patient still complained of severe headache.
There was no change in his physical signs. Thirty-five c.c.
of antimeningitis serum were given intraspinally. Examina¬
tion of the spinal fluid revealed 3,600 cells per cubic milli¬
meter, and no organisms nor growth.

April 3, the patient appeared improved; 20 c.c. of anti-
meningitis serum were given intraspinally. The spinal fluid
showed 2,500 cells per cubic millimeter and no organisms.

April 4, 20 ce. of antimeningitis serum were given intra-
spinally. Herpes labialis w^s well marked. There were 400
cells per cubic millimeter in the spinal fluid.

April 5, 35 c.c. of antimeningitis serum were given intra-
spinally. The -patient appeared more comfortable. There
were 480 cells per cubic millimeter and no organisms.

April 6, 25 c.c. of antimeningitis serum were given intra-
spinally. The spinal fluid contained 900 cells per cubic milli¬
meter, with no organisms. There was a faint systolic mur¬
mur at the apex.

April 7, the patient had little headache and only slight
rigidity of the neck; but Kernig's sign was still marked.
There were no cranial nerves involved. On lumbar punc¬
ture, 25 c.c. of clear, straw colored fluid were removed
containing 210 cells per cubic millimeter, and 20 c.c. of
antimeningitis serum were introduced. The temperature was
103.6 F., the pulse 72.

April 8, the temperature ranged from 100.2 to 104 F. ; the
pulse remained about 72. The patient complained of slight
headache and general pains. Herpes labialis was less
marked. The rigidity of the neck was not so great. There
was a sinus arrhythmia. There were no cardiac murmurs.
On lumbar puncture, 40 c.c. of clear, light colored fluid under
considerable pressure were withdrawn, and 30 c.c. of anti-
meningitis serum were introduced. At 2: 30 p. m., examina¬
tion of the fundi revealed slight marginal blurring of both
optic disks and moderate enlargement of the retinal veins.
A diagnosis of beginning papillitis was made. At 3:30 p. m.,
the patient developed a very severe headache necessitating
the use of 0.03 gm. of morphin. Fifty c.c. of antimeningitis
serum were given intravenously.

April 9, at 9 a. m., the headache was less severe, but the
rigidity of the neck was very definite. The Kernig sign was
about 20 degrees on the right and about 45 degrees on the
left side. The knee jerks were diminished. There was no
Babinski reflex. At 11: 30 a. m., lumbar puncture was per¬
formed and 70 c.c. of clear, light colored fluid were obtained
and 60 c.c. of antimeningitis serum introduced. The patient
had a chill, but the headache became less severe. At 5 p. m.,
he complained of very severe headache. Lumbar puncture
was performed, and 80 c.c. of somewhat cloudy fluid under
considerable pressure were withdrawn. At 8 p. m., the
patient developed a weakness in the right external rectus,
which soon became well marked. The blurring of the disk
margins was less noticeable. There was no evidence of
involvement of any of the other cranial nerves.

April 10, the general condition was somewhat improved.
There were no changes in the physical signs. Sixty-five c.c.
of fairly clear fluid were removed by lumbar puncture and
55 c.c. of antimeningitis serum introduced. At 4:45 p. m.,
the patient complained of a very severe headache and became
markedly delirious. The paralysis of the right external
rectus was very definite, and the facial muscles of the right
side, including the frontalis, were paretic. There was a
rough twitching of the muscles of the extremities. The
patient yelled every few minutes and sang occasionally. At
6:30 p. m., he had two convulsions about fifteen minutes
apart. They involved principally the left side of the face,
and there was a conjugate deviation of the head and eyes to
the left. He foamed at the mouth and had involuntary pas¬
sage of feces and urine. At 8 p. m. a lumbar puncture was
performed, and 40 c.c. of cloudy fluid were withdrawn. The
pressure was very slight as compared with that of the morn¬
ing. Coughing and straining did not increase the flow, as
they had previously done. The temperature was 99 F., the
pulse 58. The condition of the patient was extremely critical.
Based on previous similar observations, it was concluded
(Major Roberts) that the patient was definitely suffering
from an acute obstructive hydrocephalus as a result of block¬
ing of the ventricles, and that he should be given some form
of surgical relief. A consultation resulted in the decision
by one of us (Major Stetten) that the only logical and cor¬
rect procedure was deliberately to establish ventricular
drainage by a puncture of the corpus callosum. This was
agreed on.

At 11 : 50 p. m., the patient was brought into the operating
room in a raving delirium. The operation was performed
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under ether anesthesia (Major Stetten). A trephine opening
about 2 cni. in diameter just to the right of the median line
and about 1.5 cm. behind the coronal suture was made by
means of a Hudson drill and rongeur. A durai flap was
formed and the brain was found to be under considerable
tension, although there was no evidence of inflammation of
the membranes at the convexity of the cerebrum. A blunt,
curved, callosal puncture cannula was introduced along the
falx cerebri through the median fissure into the right ven¬
tricle, and about 25 c.c. of very slightly turbid, blood-stained
fluid gushed out. It was decidedly different in character
from that last withdrawn by lumbar puncture. The way the
fluid flowed through the cannula suggested the manner in "

which the urine runs through a catheter when the bladder
is distended. The opening in the corpus callosum was
enlarged by gently moving the end of the cannula. No
antimeningitis serum was introduced into the ventricles, as
the fluid was not sufficiently purulent. The dura was closed
with a chromicized catgut suture. The skin was closed with
silkworm gut and a small rubber tissue drain inserted sub-
cutaneously. Examination of the fluid showed it to contain
very numerous leukocytes, about 75 per cent, polymorpho-
nuclear. The cells were so clumped that a count was impos¬
sible. The culture was negative after seventy-two hours.
No organism was found in the smears.

April 11, the patient was semiconscious and perfectly quiet.
There was a right peripheral facial palsy. The neck was

rigid, and there was difficulty in swallowing. There was no
Babinski reflex. Toward evening the patient complained
of severe headache and remained confused. The tempera¬
ture remained low. The general impression was one of
improvement.

April 12, the patient had regained consciousness. There
was a decided change for the better. There was now a slight
paresis on the left side of the face. The right external rectus
was still weak, and there was a suggestion of a Babinski
reflex on the left side. There was a serum rash on the
extremities.

April 13, the patient stated that he ached all over; but he
looked much brighter. The pulse was 110 and dicrotic. The
finger nails were cyanosed. The paresis of the left external
rectus was apparent. In the afternoon a lumbar puncture
was performed and about 8 c.c. of blood-tinged fluid obtained,
which came drop by drop. There was a rise of temperature
to 101.5 F.

April 14, the patient had made considerable improvement,
but still complained of slight headache. He was entirely
conscious. The sixth and seventh nerve palsies were less
marked, and there was a slight amount of blood in the
stools.

April 16, the patient was making a gradual recovery, which
had been slightly delayed by a febrile reaction with a

maculopapular rash starting on the extremities and extending
over the trunk, followed on some portions of the body by
slowly fading petechiae, probably anaphylactic phenomena.
As the condition of the patient improved, the primary bulging
at the cranial defect gradually subsided. About two weeks
after operation, there was an actual depression. The wound
healed by primary union. The facial and left external rectus
palsies disappeared rapidly, and the right external rectus
paralysis was gradually disappearing.

May 5, the patient was allowed up for the first time.
May 14, eye examination revealed a slightly larger left

pupil and a moderate convergence of the right eye. The
pupils reacted normally to light and accommodation. Vision
was 20/20 in both eyes. Both fundi were normal, and the
optic disks were of good color and well outlined. The func¬
tion of the right external rectus was returning, and at present
represented a power of external rotation of about 15 degrees.
The visual fields were normal.

May 18, the patient had been up for two weeks, and the
temperature had been normal for three weeks. He was sent
  furlough to his home.

A recent inquiry has elicited the information (October 2)
that he returned to duty about August 1. His only complaint
had been pain in his legs, which has gradually subsided.
He has been riding a motorcycle and is now going in for

football. The right external rectus has entirely recovered
its function, and his mental and physical condition is in
no wise impaired. He is anxious to go overseas, but he
has been put in the domestic service class, presumably on
account of the'cranial defect.

SUMMARY
In the foregoing we find that a case of epidemic

cerebrospinal meningitis, which had been running a
relatively normal course, rather suddenly develops
signs and symptoms pointing to an acute obstructive
hydrocephalus. The patient rapidly goes into a con¬
dition that is little short of moribund, and a puncture
of the corpus callosum to establish ventricular drain¬
age is deliberately decided on and performed. The
fact that the fluid from the ventricles was entirely
different in character from the last fluid by lumbar
puncture, and the manner in which the fluid gushed
from the cannula, proved conclusively that the diag¬
nosis of ventricular block was verified. Examination
of the ventricular fluid showed no evidence of active
meningococcic inflammation within the ventricles.
The immediate postoperative improvement in the
patient was almost miraculous, and is hard to realize
by one who did not actually observe the change. The
subsidence of the protruding intracranial centents
shortly after operation, as the patient's condition
improved, corroborated the view that the recovery,which eventually became complete, was due to the
relief of the ventricular distention. We feel that we
are justified in advocating puncture of the corpuscallosum for ventricular drainage as a rational, life-
saving procedure when the clinical picture of ven¬
tricular obstruction, described and illustrated above,
appears in the course of a cerebrospinal meningitis.

In such cases, when, in addition to ventricular
blocking, there appears to be an actual infection of
the ventricle, that is, when the ventricular fluid is
turbid or frankly purulent, or when diplococci are
found in the smear, intraventricular administration
of antimeningitis serum should be combined with
puncture of the corpus callosum. Care must be
observed to inject less serum into the ventricles than
the amount of fluid withdrawn.28

23. In addition to the references already given, the following will
be found of interest:

Anton, Gabriel, and von Bramann, F. G.: Behandlung der angebore-
nen und erworbenen Gehirnkrankheiten mit H\l=u"\lfedes Balken-
stiches, Berlin, 1913.

Von Bramann, F. G.: Die Bewerthung des Balkenstichs in der Hirn-
chirurgie, Arch. f. klin. Chir. 90:689, 1909.

Cazamian, Pierre: M\l=e'\ningo-\l=e'\pendymitecloisonn\l=e'\e,\l=a`\m\l=e'\ningocoquesde Weichselbaum; s\l=e'\roth\l=e'\rapiedans le rachis et dans les ventricu-
les c\l=e'\r\l=e'\braux(tr\l=e'\pano-ponctionsit\l=e'\ratives);mort par m\l=e'\ningitebasilaire evoluant en cavit\l=e'\close, Bull. et m\l=e'\m.Soc. m\l=e'\d.d. h\l=o^\p.de Paris Series 3, 40: 361, 1916.

Labb\l=e'\,Marcel, Zislin, and Cavaillon: Les m\l=e'\ningitesc\l=e'\r\l=e'\bro-spinalescloisonn\l=e'\eset leur traitement par la tr\l=e'\panationet l'injection de
s\l=e'\rumintraventriculaire, Bull. de l'Acad. de m\l=e'\d.Series 3,75:319, 1916.

Marfan: Forme cloisonn\l=e'\eet ventriculaire de la m\l=e'\ningitec\l=e'\r\l=e'\bro\x=req-\
spinale (\l=e'\pendymitem\l=e'\ningococciqueevoluant en cavit\l=e'\close),Bull. m\l=e'\d. 30: 133, 1916.

Neveu-Lemaire, Debeyre, and Rouvi\l=e`\re:Forme prolong\l=e'\ede m\l=e'\nin-
gite c\l=e'\r\l=e'\bro-spinaleet tr\l=e'\panationc\l=e'\r\l=e'\brale,Compt. rend. hebd. d.
s\l=e'\ancesde l'Acad. d. sc. 162:885, 1916.

Ramond, Felix: La m\l=e'\ningo-\l=e'\pendymiteet sur traitement par la
tr\l=e'\pano-ponction,Bull. et m\l=e'\m.Soc. m\l=e'\d.de h\l=o^\p.de Paris Series
3, 40: 354, 1916.

Von Ziemssen, H.: Meningitis cerebro-spinalis epidemica, Handbuch
der acuten Infectionskrankheiten, Leipzig Part II, 2: 662, 1874.

Roentgen Examination of Gas-Filled Abdomen.—The
Nederlandsch Tijdschrift cites a recent article by O. Goetze
lauding the instructive findings when oxygen is allowed to
pour into the abdomen preliminary to roentgen examination.
This, he says, is entirely harmless, while it shows the viscera,
diaphragm, etc., more clearly than ever before seen.
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